This study used ecological momentary assessment data from adult daily smokers attempting to quit smoking to assess relations between exposure to contextual risk factors and cessation failure, latency to a first smoking lapse, or progression from lapse to relapse (smoking 7 days in a row). Participants were adult, daily smokers enrolled in a randomized controlled clinical trial of bupropion SR and individual counseling who were followed to 1 year postquit. Participants reported exposure to high-risk contexts and behaviors, including being where cigarettes were available or smoking was permitted, being around others smoking in prospective, real-time assessment for 2 weeks pre-and 4 weeks postquit. Results showed that greater exposure to contextual risk factors during the prequit did not predict cessation failure. However, Cox regression survival analyses revealed that spending a greater proportion of time where cigarettes were easily available following at least 1 day of abstinence predicted shorter latency to a first lapse, even after controlling for baseline risk factors such as gender, nicotine dependence, depressive symptoms, and living with a smoker. Greater cigarette availability following a lapse was not associated with progression from lapse to relapse with or without baseline risk factors in the model. This suggests that postquit environmental risk factors, such as cigarette availability, increase lapse risk, and stable risk factors, such as living with smokers and higher baseline carbon monoxide level or depressive symptoms, remain potent predictors of progression to relapse. Real-time contextual risk assessments postquit predict lapse above and beyond stable, baseline risk factors.
. Shiffman et al. (1997) found that the correspondence between retrospective recall and real-time reports of smoking triggers preceding lapses and temptations was low, suggesting that participants have a hard time accurately recalling events that precede smoking. EMAs gather more accurate representations of contexts and their relations with smoking than do retrospective assessments.
Several prospective studies using EMA examined differences in the contexts of first lapse episodes, temptation episodes (i.e., situations in which individuals came to the brink of smoking but successfully refrained from smoking; Shiffman, Gnys, et al., 1996; Shiffman, Paty, Gyns, Kassel, & Hickcox, 1996) , and other random occasions during a quit attempt (Shiffman, Gnys, et al., 1996; . For example, showed that first lapses were more likely to occur, compared with temptation episodes, when smoking was permitted, when cigarettes were easily available, and in the presence of other smokers . Further analyses (Shiffman, Gnys, et al., 1996) showed that regardless of smoking status (lapsers or maintainers), temptations, compared with other occasions, were more likely to occur in the context of exposure to smoking cues and eating and drinking. These studies focused on relations between contexts and immediate smoking outcome (i.e., lapse, temptation) within subjects. Potential accumulated effects of exposure to such contexts during a quit attempt on cessation success (ability to initiate cessation and maintain abstinence) have not been tested. Such a between-subjects approach would allow us to identify smokers at elevated risk for smoking postquit based on their pre-event environments.
The current study investigated relations between select contextual risk factors and initial cessation (successfully abstaining for 1 calendar day within the first 2 weeks of a quit attempt), latency to a first lapse (any smoking after achieving initial cessation), and latency to relapse (smoking 7 days in a row) following a lapse (Shiffman et al., 2006) . The use of cessation milestones allowed us to look at relations between context and cessation outcomes at distinct phases of the quitting process. The aim of this betweensubjects analysis was to determine whether EMA measures of trigger exposure would tell us anything above and beyond baseline measures to identify smokers at risk of rapid returns to smoking. We hypothesized that endorsing being where cigarettes were available, smoking was permitted, or others were smoking would increase the likelihood of cessation failure and decrease the latency to a first lapse and subsequent relapse above and beyond baseline risk factors.
Method Participants
The current study used data collected from a double-blind, randomized, placebo-controlled clinical trial of bupropion SR and individual counseling for smoking cessation described in detail elsewhere (McCarthy et al., 2008) . Inclusion and exclusion criteria are presented in Table 1 . The total enrollment included 463 participants who met screening criteria and attended the first study visit. For the current analyses, we restricted the sample to those who completed at least three EMA reports per day, on average, during key assessment periods. We imposed this restriction to ensure that the data would provide adequate coverage of participants' daily activities and environmental trigger exposure. Baseline characteristics of the individuals included in the full sample and restricted samples are shown in Table 2 .
Procedure
Participants were assigned to one of four groups in a 2 (active bupropion SR vs. placebo) ϫ 2 (counseling vs. no counseling) factorial design. Random EMA reports were administered using an electronic diary (on a palmtop computer) from 2 weeks prequit to 4 weeks after a target quit date. Participants were followed to 1 year after a quit date to assess smoking status with biochemical verification of abstinence at 6 and 12 months postquit.
Measures
Baseline assessment. Participants provided demographic information and answered self-report measures of nicotine dependence, smoking history, affect, and depression symptoms. Nicotine dependence was assessed with the Fagerström Test of Nicotine Dependence (Heatherton, Kozlowski, Frecker, & Fagerström, 1991) . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
EMA. Participants were prompted to complete 2-min EMA reports four to seven times per day based on the length of their waking day, separated by at least 30-min intervals. Participants had 2 min to respond to random prompts, and reports not completed within 2 min were considered missed. Randomly prompted EMA reports assessed thoughts, emotions, tobacco withdrawal symptoms, temptations to smoke, stressful events, coping, and smoking. Participants also completed evening reports that assessed the number of cigarettes smoked over the past 24 hr and initiated a "slip" report following lapses.
The timing of a first lapse (any puff from a cigarette) after the target quit day set by experimenters and the timing of the first relapse (first day smoking 7 days in a row) were determined from the composite of EMA random, bedtime, and slip reports and the timeline follow-back smoking calendar completed at visits. Data were coded such that any smoking reported in any report or modality was considered a sign that smoking occurred on that day.
Exposure to high-risk contexts was assessed at every random report. Participants were asked to report "just before prompt" the following: whether smoking was permitted, cigarettes were available, whether they were with anyone, and if so, whether anyone was smoking. Drinking alcohol just before the prompt was also assessed, but occurred at very low rates (in 1.6% of reports and in only 46% of participants), so these data were not analyzed. All context variables were coded as binary (1 ϭ exposed to high-risk context, 0 ϭ low/no exposure) at each report. Items that represented exposure to high-risk contexts included smoking was allowed (vs. forbidden or discouraged ϭ 0), being where cigarettes were easily available (vs. not available or available with difficulty ϭ 0), and being with someone who was smoking (vs. being alone or being with someone who was not smoking ϭ 0). On average, in the 403 participants retained through the quit day, participants completed 3.81 reports per day (range ϭ 0.00 -6.50, SD ϭ 1.08).
Final sample. Of the 463 enrollees, 60 dropped out prior to the target quit day and were excluded from these analyses. The final sample for cessation failure was 316 (78.4%) because 87 (21.6%) of 403 participants retained through the quit date responded to fewer than three random reports, on average, prequit. The final sample for the first lapse analysis was 282 of 349 (80.8%) who achieved initial cessation because 67 (19.2%) responded to fewer than an average of three reports per day. A total of 156 of 295 (52.9%) participants who lapsed after achieving initial cessation were included in the relapse latency model be- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
cause 66 (22.4%) did not lapse during the EMA period and 73 (24.7%) who lapsed during the EMA period did not respond to at least three random report prompts postlapse and prerelapse. There were no significant differences in baseline measures (see Table 2 ) between the samples included versus excluded for low responses rates in any model (ps Ͼ .05). We conducted sensitivity analyses (i.e., repeated analyses with the different subsamples of participants with at least an average of one or at least two reports per day for inclusion). The pattern of results described below remained unchanged, except where noted for the relapse model.
Data Analysis
The mean proportions of reports in which participants endorsed exposure to each smoking trigger during each period (i.e., prequit, prelapse, and between lapse and relapse) were used as betweensubjects variables capturing contextual risk factor exposure. Logistic regression analyses were conducted to examine the associations between prequit rates of exposure to smoking triggers and cessation failure. Cox regression survival analyses were conducted to model separately latency to a first lapse after achieving initial cessation and latency to relapse following a first lapse. Participants who were lost to follow-up or who never lapsed or relapsed were treated as censored in analyses. Analyses were conducted both with and without controlling for baseline predictors of cessation failure, lapse, and relapse, including treatment condition (bupropion SR ϭ 1, placebo ϭ 0), gender, age, education level, baseline depression score, baseline nicotine dependence level, baseline carbon monoxide (CO) level, and living with smokers. Smoking cessation counseling condition was not included in the set of baseline covariates given that counseling was not associated with smoking outcomes (McCarthy et al., 2008) and inclusion of counseling in the models did not change the pattern of results. Nonsignificant context predictors were pruned from models to enhance model parsimony.
Results

Cessation Failure
Multiple logistic regression analyses were conducted to determine whether the proportion of reports in which risk factors were endorsed prequit predicted cessation failure or being unable to quit for 1 calendar day within 2 weeks of a quit attempt. A total of 316 participants provided 17,596 reports during the prequit period that were used to compute individual participants' rate of risk exposure.
None of the hypothesized contextual risk factors significantly predicted cessation failure (ps Ͼ .05). Exposure to environments in which others were smoking (M ϭ 12.5%, SD ϭ 14.0), smoking was permitted (M ϭ 64.6%, SD ϭ 27.5), or cigarettes were easily available (M ϭ 85.3%, SD ϭ 17.3) prior to quitting had no detectable relation with cessation failure. Inclusion of baseline covariates in the model did not change the results. Women were significantly less likely to achieve initial cessation compared with men (OR ϭ 2.57, 95% CI [1.18, 5.59], p ϭ .017).
Latency to a First Lapse
Cox regression survival analyses were conducted to assess the effects of contextual risk factors on the latency to a first lapse. A total of 14,259 reports from 284 participants were aggregated to get estimates of the percentage of reports in which each trigger was endorsed in the prequit and postinitial cessation, prelapse periods separately. Spending a higher proportion of time where cigarettes were easily available (M ϭ 20.8%, SD ϭ 30.0) during the postinitial cessation, prelapse period, but not prequit period, was associated with a significantly shorter latency to a first lapse (see Figure 1 ). Real-time reports of being where smoking was permitted (M ϭ 40.9%, SD ϭ 34.3) and exposure to others smoking (M ϭ 7.8%, SD ϭ 13.5) were not predictive of lapse latency. The pattern of results remained unchanged when baseline covariates were included in the survival model. Pruning nonsignificant predictors of latency to lapse from the final lapse model (see Table 3 ) also did not change the results. Bupropion SR treatment increased the latency to lapse following initial cessation.
Lapse-Relapse Latency
Cox regression survival analysis tested relations between contextual risk factor exposure between a first lapse and relapse and the latency in days between lapse and relapse, both with and without baseline covariates. Estimates of risk exposure during this interval were based on 10,305 random reports from 156 participants. Contextual risk factors during the prequit period were also entered in the model.
Contrary to the lapse model, spending more time in places where cigarettes were easily available after lapsing (M ϭ 29.4%, SD ϭ 30.0), being where smoking was permitted (M ϭ 42.3%, SD ϭ 34.0), and being exposed to others smoking (M ϭ 9.6%, SD ϭ 14.0) were not significantly associated with a progression from a first lapse to a relapse, controlling for prequit contextual risk factors. Sensitivity analyses with baseline covariates showed that estimated hazard ratios were very similar across the subsamples tested, with hazard ratios of 1.006 in the sample with three None of the prequit contextual risk factors predicted relapse latency, and including the baseline covariates in the model did not change the pattern of results. Those with higher baseline depressive symptoms and those who had higher baseline CO levels had significantly shorter latencies to relapse after a first lapse. Living with smokers also significantly predicted shorter latency to relapse following a first lapse. Excluding nonsignificant prequit predictors of lapse-relapse latency from the final lapse-relapse model did not change the pattern of results (see Table 4 ).
Discussion
The purpose of the study was to test hypotheses regarding frequency of exposure to contextual risk factors before and after a quit attempt and key milestones in the relapse process. Results of this between-subjects analysis indicated that prequit exposure to high-risk contexts was not associated with likelihood of achieving initial cessation. In addition, contextual variables during the prequit period were also unrelated to lapse or relapse risk. On the other hand, spending more time in situations in which cigarettes were easily available after achieving initial cessation predicted shorter latency to lapse. This result is consistent with a finding from an early EMA study showing that cigarettes were perceived as more available on lapse occasions than comparison temptation or randomly prompted control occasions. demonstrated that exposure to contextual risk factors (vs. nonexposure) predicted increased immediate lapse risk. Results of this study add to these findings, suggesting that there are potential accumulated effects of access to cigarettes on lapse risk. Taken together, these results suggest that failing to reduce access to cigarettes upon cessation increases lapse risk both between and within subjects and supports the importance of promoting avoidance of cigarette access in recent quitters. This effect of cigarette availability on lapse latency remained unchanged, even after controlling for baseline risk factors for smoking and prequit cigarette availability. Assessing environmental cigarette availability postquit therefore adds value when attempting to identify smokers at high risk for lapse.
Progression from lapse to relapse was not significantly related to prerelapse cigarette availability in the relatively small sample of participants (n ϭ 156) with high response rates. In broader samples with lower response rates, this relation achieved significance with similar point estimates of the hazard ratio, however. This suggests that lack of significant relations between cigarette access and progression to relapse in this study may be due to inadequate statistical power to detect small effects. However, it is also possible that cigarette availability adds less to relapse prediction than to lapse prediction. Relapse progression may be more related to individual difference variables or to lapse reactions than to contextual factors. In even the most restrictive samples, baseline variables, including living with a smoker, higher baseline CO levels, and elevated depressive symptoms were predictive of relapse latency, when cigarette access was not.
Contrary to our prediction, being around other smokers and being in places in which smoking was permitted were not significantly related to lapse or relapse latencies. In an earlier study (Shiffman, Paty, Gyns, Kassel, and Hickcox, 1996) , being where smoking was permitted and seeing others smoking also differentiated lapses from both temptations and random control occasions within subjects. Our analyses suggest that, in a between-subjects analysis, spending more time where cigarettes seem readily available is more closely related with both latencies to lapse and relapse than are perceptions of smoking bans or awareness of others smoking. The perception of cigarette availability may have more personal relevance than smoking permission and others' smoking behavior. Research has shown that perceiving a proximal opportunity to smoke can enhance attention to smoking cues (Wertz & Sayette, 2001) and that exposure to smoking cues, including contexts, can induce strong urges to smoke (Conklin et al., 2008) . Other studies have also demonstrated that "availability" of cigarettes can induce strong craving to smoke as well as withdrawallike symptoms (Carter & Tiffany, 2001; Dols, Willems, van den Hout, & Bittoun, 2000; Juliano & Brandon, 1998; Thewissen, van den Hout, Havermans, & Jansen, 2005) .
Limitations
Although we preserved the temporal ordering of the predictor and outcome in this analysis, we cannot rule out the possibility that a third variable might influence pre-event choices about contexts and also accelerate lapses and relapses. Second, the present study selected a few contexts as risk factors for smoking based on previous research. Contextual triggers to smoke may be idiosyncratic based on specific learning histories, and smoker-specific triggers were not assessed in this study. Third, while reports were randomly prompted to minimize sampling biases, missing reports may be associated with certain contexts or situations. Fourth, the selected sample used for analyses may not represent the general population of smokers trying to quit, especially given the relative homogeneity of the sample and use of high motivation to quit as an inclusion criterion. Finally, more data were available for participants who did not lapse compared with those who did. We corrected this imbalance by computing risk exposure as a percentage of reports in which risk was endorsed rather than using counts of exposure.
Conclusion
The present study investigated the between-subjects relations between aggregated real-time assessments of exposure to contextual risk factors and key milestones of smoking cessation. Results suggested that those with greater access to cigarettes after achieving initial cessation lapsed sooner than did those with less access to cigarettes. The goal of the current research was not to establish exposure to high-risk contexts as a cause of lapse or relapse, but rather to determine whether assessing smokers' exposure to contextual risk factors during each of the critical milestone periods could serve as a useful marker of lapse or relapse risk. The results suggest that monitoring smokers' environments for cigarette availability can tell us something about their lapse risk above and beyond baseline measures, and achieving initial abstinence and relapse risk are more strongly predicted by stable, baseline risk factors. Future research that explores relations between more refined or individualized contexts and cessation milestones may further contribute to our understanding of ways in which environments predict smoking cessation success.
